Introduction
In a general sense, indicators are a subset of the many possible attributes that could be used to quantify the condition of a particular landscape or ecosystem. They can be derived from biophysical, economic, social, management and institutional attributes, and from a range of measurement types (Walker 1998 (Walker , 2002 . Indicators are heavily used in the evaluation of land use changes in rural areas (de la Rosa and van Diepen, 2002) and agricultural sustainability (Rigby et al., 2000) .
According to Mitchell et al. (1995) , indicators can be valuable tools for the evaluation and decision making since they synthesize information and thus can help in the understand of complex systems. Traditionally, results from physical and statistical analysis of agricultural field experiments have been used as indicators. However, often farmers are left wondering how the statistical analysis information can be used to improve their personal agronomic practices.
Recently the methodology based on the use of fuzzy set theory has been developed. The theory of fuzzy sets is a mathematically intuitive method of quantifying imprecision and uncertainty by grouping individuals into classes that do not have sharply defined boundaries. The central concept of fuzzy set theory is the membership function, which represents the relationship of an element to a set. The membership function of a fuzzy set is expressed on a continuous scale from one (full membership) to zero (full non-membership). One of the principal benefits of the application of fuzzy set theory in real world situations is that the majority of soil condition and farming technology characteristics can be estimated by using membership functions.
Indicators based on the use of fuzzy set theory have been developed to address a variety of questions and problems related to land evaluation (Kurtener & Yakushev 2014) . These include models for soil survey and land evaluation (Burrough, 1986; 1989; Burrough, et al., 1992) , for fuzzy reliability assessment of differences between resistance of ecosystem and anthropogenic load (Bogardi et al., 1996) , for managing fuzzy indicators (Krueger-Shvetsova & Kurtener, 2003) , and for determining land suitability indices for cropping systems (Baja 2002 (Baja , 2007 . Also, fuzzy indicator models were applied successfully for evaluation of yield maps (Krueger et al., 2010) , evaluation of agricultural land suitability , assessment of soil quality , evaluation of resources of agricultural lands (Torbert et al., 2009) , and zoning of an agricultural fields (Kurtener et al., 2011) . Citations of publications with models of fuzzy indicators are given in a review by Kurtener & Yakushev (2014) . In this paper, the use of fuzzy set theory to develop an impact factor indicator for soil amendments is elaborated. The theoretical outputs are illustrated using published experimental data from Busscher et al. (2007) and Watts et al. (2012) .
Material and Method
An indicator of effectiveness of soil amendments can include two sub-indicators: 1) Impact Factor Simple (IFS), and 2) Impact Factor Complex (IFC).
Impact Factor Simple
The main postulates for developing soil Impact Factor Simple (IFS) are formulated as follows:
1. IFS is defined as a number in the range from 0 to 1, and modeled by an appropriate membership function.
2. In this study, we considered two cases: a) an increasing of rate of amendment leading to increased effectiveness without restrictions, and b) there is a threshold for application rate after which the increase of the amendment does not lead to increased effectiveness.
3. The choice of a membership function is somewhat arbitrary and should mirror an objective expert opinion. In the first cases IFS is modeled by an increasing piecewise-linear membership function as follows:
where P is the soil parameter under consideration (current value), P min is the minimal value of the soil amendment under consideration, and P max is the maximal value for the soil parameter under consideration.
It is easy to see that, if IFS is equal to 1, then there is a maximum impact for the application of this amendment, according to the data of measurements for soil parameter P. If IFS = 0, then the application of this amendment does not improve soil conditions. If the calculation is 0< IFS<1, then the impact of this amendment application improves soil conditions, but not at the maximum level.
4. In the second cases IFS is modeled by a trapezoid-shaped membership function as follows:
where P 1 and P 2 are lower and upper threshold values of P, which define the interval of the best effectiveness.
2.2. Impact Factor Complex
Impact Factor Complex (IFC) can be made with the use of fuzzy aggregation algorithms. In this study, weighted average was utilized. Specifically, the combination of several IFS were written as follows:
where w i is a weighted coefficient of the significance of IFS i ; Σw i = 1; 0 ≤ w i ≤ 1.
In this study, the methodology was utilized in two different case-studies where soil parameter data was collected following the application of soil amendments. In the first case, the evaluation of the effectiveness of using polyacrylamide application as an amendment to reduce subsoil compaction was evaluated (Busscher et al., 2006) . In the second, the evaluation of the organic matterial "Fluff" as a soil amendment for establishing native prairie grasses was evaluated (Watts et al., 2012) .
Results and Discussion

Case-study 1: Evaluation of amendments based on application of polyacrylamide to decrease high strength in SE USA Coastal Plain soils
Compacted subsoil layers can often restrict root growth in many Southeastern USA Coastal Plain soils. Though soil compaction is usually reduced by tillage, soil amendments which promote the development of soil aggregation can offer a more permanent solution. While tillage will loosen the soil, it will reconsolidate relatively quickly without soil aggregation. Soil aggregation provides structure to the soil resulting in increased pore space development. The increased porosity results in less compacted soil.
Recently, it has been suggested that polyacrylamide could be used as a soil amendment to increase soil aggregation and therefore reduce soil bulk density and ameliorate the impact of hardpans.
Research on the application of polyacrylamide on field plots to determine the effectiveness of polyacrylamide to ameliorate hardpans has been conducted by Busscher et al. (2006) . Also polyacrylamide is gaining considerable acceptance as an effective antierosion additive in irrigation water (Kay-Shoemake et al., 1998) .
In this investigation, two methods of applying polyacrylamide were studied: 1) application of polyacrylamide, and 2) a mixture of wheat residue and polyacrylamide (Busscher et al., 2006) . Comparison of these soil amendments were presented by Busscher et al. (2007) and the computations of IFS calculated for these amendments presented in this paper were based on this published data (Figures 1 and 2 ).
In the calculations of IFS, we assumed that in the first variant P max = 1.45, P min = 1.35, and in the second variant P max = 1.43, P min = 1.365 g cm -3 . The results of computations of IFS on application of polyacrylamide are given in Table 1 . Fig. 1 . Relationships between rates of application of polyacrylamide, the time since the start of experiment (days), and soil bulk densities (no wheat residue was incorporated in soil) as presented in Busscher et al., 2007. Fig. 2 . Relationships between rates of application of polyacrylamide, the time since the start of experiment (days), and soil bulk densities when wheat residue is incorporated in soil as presented in Busscher et al., 2007 .
The results from the study indicate that the application of polyacrylamide could be an effective method of promoting soil aggregation resulting in reduced soil bulk density as described by Busscher et al. (2006) . However, using traditional methodology (as shown in Figure 1 and 2), it is difficult to distinguish the level of effectiveness for both the rate of application and the differences between the treatments for the purposes of making application decisions.
The calculation of IFS for this data clarifies the differences between treatments ( Table 1 ), indicating that the application of a mixture of wheat residue and polyacrylamide was more effective. Table 1 shows that the mixture of wheat residue and polyacrylamide for rates of application from 40 to 100 mg kg -1 ranged from 0.615 to 0.892, compared to 0.2 to 0.8 for polyacrylamide alone. The calculated IFS was higher at each application rate for the mixture compared to the polyacrylamide alone.
Further, by examining the IFS levels for each increased application increment, the minimum application rate where the best potential benefit should be expected can be distinguished. With the application of polyacrylamide alone, the greatest level of bulk density improvement occurred after application of 100 mg kg -1
, with much smaller levels of improved soil conditions with increased application rates. However, with the mixture, the best level of improvement occurred with the application of 70 mg kg -1 , matching the levels seen with the application of 100 mg kg -1 for polyacrylamide alone. With this information, a manager can gather information regarding the cost versus potential benefit of the polyacrylamide treatments when deciding application rates.
It should be noted that when input data for only one soil parameter is available, (as in this casestudy) then the use of IFS is justified. However, better results can be achieved if multiple parameters are considered with the use of IFC. In case-study 2, multiple soil parameters will be considered.
Case-study 2: Evaluation of the organic material "Fluff" as a soil amendment for establishing native prairie grasses on disturbed U.S. Army training land
Recently, technology to process municipal solid waste by separating the garbage into sterilized organic fractions and recyclables has been developed. The process uses a hydrolyzer with pressurized heat and steam to break molecular bonds and destroy pathogens (Bouldin and Lawson Inc., 2000) . The end product is an aggregate organic material called "Fluff" which has a similar consistency to wood pulp (Watts et al., 2012) . A study was conducted by Watts et al. (2012) to evaluate the effectiveness of using Fluff as a soil amendment for establishing native prairie grasses on disturbed U.S. Army training lands. The data from this study are shown in Tables 2 -4 and was used for computations of IFS and IFS presented in this publication. Table 2 . Root biomass for the Fluff application rates 5 years after restoration of disturbed U.S. Army training land as presented in Watts et al. (2012) . Table 3 . Soil bulk density for the Fluff application rates 5 year after restoration of disturbed U.S. Army training land as presented in Watts et al. (2012) . Table 4 . Root C and N concentrations for the Fluff application rates 5 year after restoration of disturbed U.S. Army training land as presented in Watts et al. (2012) .
The assigned values for P max and P min were taken from the results of the soil sampling conducted in published report and are shown in Table 5 . These values were used for the calculation of the IFS, and the resulting computations for each soil parameters from the application of Fluff are given in Table 6 .
In the calculations of IFC for the study, we assumed that the weighted coefficients of the significance of each of the measured soil parameters were the same and equal to 0.25. Results of computations of IFC for application of the Fluff amendment are given in Table 6 .
In Tables 2-4 it can be seen that the application of Fluff improved the soil condition as described by Watts et al. (2012) . These positive results can be interpreted from the traditional statistical analysis presented in these data; however, as in the previous case study, the amount and variability of soil parameter information makes it difficult to interpret results. In Table 6 , it can be observed that all of the calculated IFS values were 0 when no Fluff was applied. This is expected since this is the base level soil condition before Fluff application. For Fluff application rates of from 18 to 143 Mg ha -1 we have different estimates for IFSs. At the highest rate of Fluff application, all of the IFS values are equal to 1, indicating that the best conditions were observed at this highest rate for all of the measured soil parameters. However, for the lower rates of Fluff, there is a lot of variability in the IFS values, making it difficult to interpret the impact of the Fluff.
The IFC computations gives a combined estimation of the effectiveness of Fluff based on information about all of the measured soil parameters considered in this manuscript. The results indicate that there was a steady improvement of soil conditions with each increased increment of Fluff application. There was a substantial improvement at the highest rate of Fluff application, indicating that the application of 143 Mg ha -1 would be the best option for managers utilizing Fluff to improve soil conditions.
Conclusion
Utilization of Fuzzy Set Theory is a promising method for supporting decisions associated with using soil amendments. In this article, a tool based on fuzzy indicator model was developed. The effectiveness of using soil amendments was evaluated using the developed tool with two indicators: Impact Factor Simple (IFS) and Impact Factor Complex (IFC). The IFS is defined as a number in the range from 0 to 1, and modeled by an appropriate membership function. In this study, IFS was modeled by an increasing piecewise-linear membership function. Using IFS, the effectiveness of the soil amendment polyacrylamide was evaluated from an experiment where only one soil parameter was measured. Results indicate that with a mixture of polyacrylamide and wheat residue, the best level of improvement occurred with the application of 70 mg kg -1 , whereas with the application of polyacrylamide alone, 100 mg kg -1 was needed to match the potential soil benefit.
In addition, IFC can be determined with the use of fuzzy aggregation algorithms. In this study, the data collected from a study on the application of the organic material Fluff as a soil amendment for establishing native prairie grasses was utilized. The weighted average was used for calculation of IFC, combining the effectiveness estimation of soil amendments based on information about several soil parameters. In this case, results indicated that the application of 143 Mg ha -1 of Fluff would be the best option for managers utilizing Fluff to improve soil conditions.
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